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Description 



FOCAL SPOT SENSING DEVICE AND 
METHOD IN AN IMAGING SYSTEM 

Background of the Invention 

[0001] This invention relates generally to a method and appara- 
tus for CT imaging and other radiation imaging systems 
and, more particularly, to determining the focal spot posi- 
tion of an imaging system, providing a real-time feedback 
input to system for correction or calibration of focal spot 
induced errors. 

[0002] | n at | east some "computed tomography" (CT) imaging 
system configurations, an x-ray source projects a fan- 
shaped beam which is collimated to lie within an X-Y 
plane of a Cartesian coordinate system and generally re- 
ferred to as an "imaging plane". The x-ray beam passes 
through an object being imaged, such as a patient. The 
beam, after being attenuated by the object, impinges 
upon an array of radiation detectors. The intensity of the 
attenuated beam radiation received at a detector array is 



dependent upon the attenuation of the x-ray beam by the 
object. Each detector element of the array produces a 
separate electrical signal that is a measurement of the 
beam attenuation at the detector location. The attenuation 
measurements from all the detectors are acquired sepa- 
rately to produce a transmission profile. 
[0003] | n third generation CT systems, the x-ray source and the 
detector array are rotated with a gantry within the imaging 
plane and around the object to be imaged, so the angle at 
which the x-ray beam intersects the object constantly 
changes. X-ray sources typically include x-ray tubes, 
which emit the x-ray beam at a focal spot. X-ray detectors 
typically include a collimator for collimating x-ray beams 
received at the detector, a scintillator adjacent the colli- 
mator, and photodetectors adjacent to the scintillator. A 
group of x-ray attenuation measurements, i.e., projection 
data, from the detector array at one gantry angle is re- 
ferred to as a "view". A "scan" of the object comprises a 
set of views made at different gantry angles, or view an- 
gles, during one revolution of the x-ray source and detec- 
tor. 

[0004] | n the third generation CT scanners, tube focal spot has 

been regarded as a stationary x-ray source with respect to 



x-ray detector. However, tube focal spot motion relative 
to detector is unavoidable due to x-ray generation mech- 
anism and tremendous stress induced by extreme thermal 
and gravitational load operating conditions. 

[0005] it is desirable to have a stationary tube focal spot. Other- 
wise, detector collimator plate aiming accuracy has to be 
maintained so that detector would have a linear response 
with respect to any focal spot motion in directions, which 
are perpendicular to collimator plate. In some circum- 
stances, the required tolerance on deviation from design 
nominal is less than 1 micron, well beyond capabilities of 
existing manufacturing technologies. 

[0006] jo mitigate difficulty of maintaining collimator plate aim- 
ing accuracy, many manufacturers adopted a method of 
purposely misaligning (skewing) plates to focal spot. 
However, this would have other adverse affects. Even with 
'misaligning' design, plate-aiming accuracy still remains 
at the limit of current manufacturing technology. Signifi- 
cant yield loss occurs just for collimator plate flatness 
(plate bow) requirement. For 40mm Z-coverage detector 
collimator, plate yield due to plate flatness specification 
may be less than 50%. 

[0007] jo maintain image quality on low contrast detectability, 



CT number accuracy and artifact minimization, CT detec- 
tor collimator scatter rejecting capability requirement in- 
creases with increasing scan coverage in the Z-axis. One 
option is to increase collimator aspect ratio by increasing 
plate height in the direction of x-ray projection. Plate 
height increase, however, presents a major challenge for 
detector design and manufacturing, since detector sensi- 
tivities to focal spot motion increases at same rate. 

[0008] Tube focal spot motion induces not only beam position 
change at the detector, but also the X-ray incident angle 
change. Although beam position sensing and tracking 
provide adequate performance regarding dose saving and 
detector Z-axis non-uniform correction, it would be de- 
sirable to be able to measure focal spot position directly 
so that both beam position and incident angle can be cap- 
tured. It has been discovered that x-ray beam incident 
angle, in addition to beam position, at the detector has 
significant impact on its performance. It is therefore seen 
to be desirable to measure the tube focal spot position 
with respect to detector. 

[0009] if the position of the focal spot can be accurately mea- 
sured in real time, control methods are known in the art 
to reposition the focal spot within the tube using mag- 



netic or electrical fields, for example US5550889 or soft- 
ware correction algorithms can be employed during re- 
construction to compensate for the undesired effects. 
Brief Description of the Invention 

[0010] The above-described drawbacks and deficiencies are 

overcome or alleviated by a focal spot sensing device. In 
an exemplary embodiment, a focal spot sensing device in- 
cludes: a housing that resists x-ray beams; an opening 
disposed in a wall of the housing that allows an x-ray 
beam to enter the housing; and a sensor device disposed 
in the housing that interprets a position of the x-ray 
beam for calculating a position of a focal spot. In another 
exemplary embodiment, a focal spot sensing device in- 
cludes: a housing that resists x-ray beams; an opening 
disposed in the housing that allows an x-ray beam to en- 
ter the housing; and means for calculating a position of a 
focal spot. 

[0011] | n another exemplary embodiment, an imaging system in- 
cludes: an x-ray source that produces an x-ray beam and 
has a focal spot; a detector array that receives the x-ray 
beam and includes a focal spot sensing device, the focal 
spot sensing device includes: a housing that resists x-ray 
beams; an opening disposed in a wall of the housing that 



allows the x-ray beam to enter the housing; and a sensor 
device disposed in the housing that interprets a position 
of the x-ray beam for calculating a position of the focal 
spot. 

[0012] | n another exemplary embodiment, a method for sensing 
a focal spot, the method includes: receiving an x-ray 
beam into an opening of a focal spot sensing device; in- 
terpreting a position of the x-ray beam; and calculating a 
position of a focal spot. 

[0013] The above discussed and other features and advantages 
of the present invention will be appreciated and under- 
stood by those skilled in the art from the following de- 
tailed description and drawings. 
Brief Description of the Drawings 

[0014] Referring to the exemplary drawings wherein like ele- 
ments are numbered alike in the several Figures: 
[0015] Figure 1 is a pictorial view of a CT imaging system; 

[0016] Figure 2 is a block schematic diagram of the system illus- 
trated in Figure 1; 

[0017] Figure 3 is a side view of an embodiment for sensing a 
position of a focal spot; 

[0018] Figure 4 is a side perspective view of another embodiment 



for sensing a position of a focal spot; and 
[0019] Figure 5 is a side view of another embodiment for sensing 
a position of a focal spot. 
Detailed Description of the Invention 

[0020] Referring to FIGS. 1 and 2, a computed tomography (CT) 
imaging system 10 is shown as including a gantry 12 rep- 
resentative of a CT scanner, such as a "third generation" 
CT scanner for example. Gantry 12 has an x-ray source 
14 that projects a beam of x-rays 16 toward a detector 
array 18 on the opposite side of gantry 12. Detector array 
18 is formed by detector elements 20, which together 
sense the projected x-rays that pass through an object, 
such as a medical patient 22. Each detector element 20 
produces an electrical signal that represents the intensity 
of an impinging x-ray beam and hence the attenuation of 
the beam as it passes through object or patient 22. Dur- 
ing a scan to acquire x-ray projection data, gantry 12 and 
the components mounted thereon rotate about a center of 
rotation 24. In one embodiment, and as shown in FIG. 2, 
detector elements 20 are arranged in one row so that pro- 
jection data corresponding to a single image slice is ac- 
quired during a scan. In another embodiment, detector el- 
ements 20 are arranged in a plurality of parallel rows, so 



that projection data corresponding to a plurality of paral- 
lel slices can be acquired simultaneously during a scan. 

[0021] Rotation of gantry 12 and the operation of x-ray source 
14 are governed by a control mechanism 26 of CT system 
10. In an embodiment, control mechanism 26 includes an 
x-ray controller 28 that provides power and timing sig- 
nals to x-ray source 14 and a gantry motor controller 30 
that controls the rotational speed and position of gantry 
12. A data acquisition system (DAS) 32 in control mecha- 
nism 26 samples analog data from detector elements 20 
and converts the data to digital signals for subsequent 
processing. An image reconstructor 34 receives sampled 
and digitized x-ray data from DAS 32 and performs high 
speed image reconstruction. The reconstructed image is 
applied as an input to a computer 36, which stores the 
image in a mass storage device 38. 

[0022] Computer 36 also receives commands and scanning pa- 
rameters from an operator via console 40 that has a key- 
board. An associated cathode ray tube display 42 allows 
the operator to observe the reconstructed image and 
other data from computer 36. The operator supplied com- 
mands and parameters are used by computer 36 to pro- 
vide control signals and information to DAS 32, x-ray 



controller 28 and gantry motor controller 30. In addition, 
computer 36 operates a table motor controller 44 which 
controls a motorized table 46 to position patient 22 in 
gantry 12. Particularly, table 46 moves portions of patient 
22 through gantry opening 48. 

[0023] FIG. 3 is an embodiment for a focal spot sensing device 

50. In this embodiment, the device 50 senses the position 
of a focal spot 52 only in one dimension, such as the z- 
axis. Referring to FIGS. 1-3, the device 50 is located on 
the detector array 18 within the beam of x-rays 16 and 
will preferably be located along an edge of the detector 
array 18. In one embodiment, the device 50 will replace 
one of the detector elements 20. The focal spot 52 is lo- 
cated behind the x-ray source 14, or in a direction oppo- 
site from the beam of x-rays 16. 

[0024] Referring again to FIG. 3, the device 50 includes an x-ray 
shielding housing 54, which is made of material that re- 
sists x-ray beams, such as tungsten or lead. In an exem- 
plary embodiment, the housing 54 is a size that can be 
incorporated at an edge of the detector array, for in- 
stance, approximately 1 inch by 1 inch by 1 inch. A sensor 
device 55, which includes two x-ray detector elements 56 
and 58, reside inside the housing 54. The detector ele- 



merits 56 and 58 create electrical current outputs, which 
are proportional to the input x-ray they received. The de- 
tector elements 56 and 58 can be any type of detector el- 
ements that can detect an x-ray beam, such as a scintilla- 
tor combined with a photodiode. 

[0025] The device 50 includes an opening 60 that allows the x- 
ray beams 16 to enter the housing 54 and strike the de- 
tector elements 56 and 58. Opening 60 is positioned so 
as to face the focal spot 52. In addition, opening 60 is 
sized large enough so that the x-ray beams strike both 
detector elements 56 and 58. Meanwhile, opening 60 
should keep small enough so that the x-ray beam is less 
than the total sensitive area of elements 56 and 58. 

[0026] jhe detector elements 56 and 58 monitor the position of 
the x-ray focal spot 52 by measuring the position of x-ray 
beam falling on them. The detector elements 56 and 58 
sense and measure the amount of x-ray that strikes them. 
As focal spot 52 moves along the z-axis 70, areas 62 and 
64, which are the areas of x-ray falling on detector ele- 
ments 56 and 58 respectively, would change. As a result, 
the comparison of output changes between detector ele- 
ments 56 and 58 can be used as a position indicator for 
focal spot 52 along the z-axis 70. 



[0027] FIG. 4 illustrates an extended embodiment of the device 
50, enabling focal spot position measurement in two di- 
mensions. In this embodiment, the device 50 includes de- 
tector elements 56, 58, and 76. Opening 60 is sized so as 
to allow the x-ray beam to strike all three detector ele- 
ments 56, 58, and 76 simultaneously while keeping the 
overall beam size through opening 60 less than the total 
sensitive areas of three detector elements. The detector 
elements 56, 58, and 76 sense the amount of x-ray that 
strikes the elements 56, 58, and 76 by measuring areas 
62, 64, and 84 of x-ray along the front of the elements 
56, 58, and 76. Thus, by adding detector element 76, the 
movement of the focal spot 52 in the x-axis 90 is also 
measured. 

[0028] FIG. 5 illustrates an alternative embodiment of the device 
50. In this embodiment, device 50 includes the housing 
54 and the opening 60, which is approximately the size of 
a pinhole such that the x-ray beam at the surface of pho- 
todiode 102 is less than the total sensitive area of photo- 
diode 102. In an exemplary embodiment, the pinhole is 
approximately 0.5 mm in diameter. A fluorescent screen 
100 faces the opening 60 and a photodiode 102 is located 
between a back wall 104 of the housing 54 and the fluo- 



rescent screen 100. In an exemplary embodiment, there is 
no space and/or air gaps between the fluorescent screen 
100 and the photodiode 102. It is noted that the fluores- 
cent screen 100 and the photodiode 102 will operate if 
there is a space and/or air gaps between the fluorescent 
screen 100 and the photodiode 102; however, in an em- 
bodiment the efficiency of the fluorescent screen 100 and 
the photodiode 102 increase when the space is eliminated 
and the air gaps are reduced and/or eliminated. 

[0029] The fluorescent screen 100 is positioned to receive x-ray 
passing through the pin hole and a position sensitive 
photodiode 102 optically attached the screen 100 reside 
inside the housing 54. Optical attachment between screen 
100 and photodiode 102 can be accomplished using a 
transparent epoxy layer 106 so that most visible light 
emission created by x-ray striking screen 100 would be 
coupled to photodiode 102. The transparent epoxy layer 
also allows the fluorescent screen 100 and the photodiode 
102 to be held together. 

[0030] The x-ray beam 16 travels through the opening 60 and 
strikes the fluorescent screen 100. The location of the x- 
ray beam 16 striking the fluorescent screen 100 glows 
with a light. The light is coupled to position sensitive pho- 



todiode 102 and its position is read out. As such, as the 
focal spot 52 moves, the light on the fluorescent screen 
100 moves, which then the position sensitive photodiode 
102 reads. The focal spot 52 movement can be deter- 
mined, because as the focal spot 52 moves, the position 
of the x-ray beam 16, and light emission, created by x- 
ray beam 16 striking the fluorescent screen 100 moves, 
which is then read by the position sensitive photodiode 
102. 

[0031] | n any 0 f the embodiments described above, the focal 

spot movement is measured and known. Thus, the mea- 
surement can be used as a feedback for hardware to 
maintain stationary relationship between the focal spot 
and the detector array. In addition, the measurement can 
be provided to the computer 36 (see Figures 1 and 2) and 
used to compensate for focal spot motion induced error in 
the response of the detector 20. The relationship is deter- 
mined by mechanical geometries of components of detec- 
tor 20 and thus will not change during the operation life 
of detector 20. As the CT medical scans are performed on 
a patient, the position of focal spot 52 is measured for 
every view of the data acquisition. Using the relationship 
between detector response and focal spot position mea- 



sured as detector is integrated, it becomes possible for 
computer 36 to separate and to eliminate detector re- 
sponse change due to focal spot motion from detector re- 
sponse change due to scanned patient. 

[0032] The advantages of the device 50 are that there is a re- 
duced cost for manufacturing the CT scanner because 
there is a less stringent requirement for collimator plate 
aiming accuracy and plate flatness. There is also improved 
dose efficiency because detector skew is unnecessary. 
There is also an enhanced image quality since device 50 
enables higher aspect ratio of collimator geometry, which 
translates to stronger scatter rejection capabilities. This is 
also important for future CT development aiming at wider 
scan coverage. In addition, when hardware maintains a 
stationary relationship between the detector array and the 
focal spot, the need for beam tracking is eliminated. X-ray 
beam dimension can be better matched with detector ge- 
ometry so that dose efficiency can be further improved. 

[0033] Moreover, the preceding description describes the various 
embodiments of the present invention. Although the in- 
vention has been described and illustrated in detail, it is 
to be clearly understood that the same is intended byway 
of illustration and example only and is not to be taken by 



way of limitation. In addition, while the system has been 
described with reference to a CT scanner, the focal spot 
sensing device would be applicable to any system of 
which the focal spot motion induces errors. 
[0034] while the invention has been described with reference to 
an exemplary embodiment, it will be understood by those 
skilled in the art that various changes may be made and 
equivalents may be substituted for elements thereof with- 
out departing from the scope of the invention. In addition, 
many modifications may be made to adapt a particular 
situation or material to the teachings of the invention 
without departing from the scope thereof. Therefore, it is 
intended that the invention not be limited to the particular 
embodiment disclosed as the best mode contemplated for 
carrying out this invention, but that the invention will in- 
clude all embodiments falling within the scope of the ap- 
pended claims. 



